Dry soils stored in glass containers in the laboratory and protected from contamination for periods of 22 to 24 years yielded numerous colonies of Azotobacter chroococcum and other members of the family Azotobacteraceae. These results were compared with those reported in 1974, and the findings are uniformly consistent in terms of surviving populations. The data prove that these bacteria remain viable after prolonged periods of dormancy in much the same way as do the endospores of gram-positive bacteria.
According to Winogradsky (11) , the cyst form of the azotobacter was first observed and described by Prazmowski and by Omeliansky in their early reports on azotobacters. In 1938 (11), Winogradsky described the production of cysts in cultures of Azotobacter vinelandii and A. chroococcum in which alcohols or organic acids served as the source of carbon and energy. Because of their similarity to the cysts of protozoa, Winogradsky assumed that the azotobacter cysts were the resting stage in a complex life cycle of the organism. Pochon and Tchan (4) confirmed his observations, and later, Socolofsky and Wyss (5) showed that cultures of A. vinelandii which contained cysts survived desiccation for 2 years whereas those that contained no cycts died rapidly. In 1974, Vela (7) showed that azotobacters in dry soils remained viable for more than 12 years while cysts survived in dried agar cultures for 10 years. While no reports exist in the readily available literature which show that the azotobacters in nature exist in the cyst form, Bae et al. (1) found structures in situ in the soil which resembled azotobacter cysts.
In 1964, Vela and Wyss (10) found that laboratory cysts were many orders of magnitude more sensitive to gamma rays than were the soil forms of the same organisms. While it was assumed that the organisms in the soil were some form of naturally occurring soil cyst, they were not detected even after rigorous microscopic examination of many soil samples by using a staining procedure specific for azotobacter cysts (9) . The survival of azotobacters in dry soil stored in glass containers in the laboratory for extended periods of time suggests that these gram-negative bacteria possess characteristics similar to those of the spores of gram-positive bacteria. This report and the previous report (7) a Symbols and abbreviations are described in footnotes a and b of Table 1 . DISCUSSION The data presented here show that Azotobacter chroococcum and other soil azotobacters survive in dry soils stored in the laboratory for periods of time as long as 24 years. In this regard, it appears that these organisms can last as long in the dormant state as do the spores of many gram-positive bacteria. While the work of many investigators (4, 5, 11) has indicated that the cyst is the form of the organism which allows it to survive desiccation in the soil, other reports (3, 9) question this conclusion. Although cells resembling the cysts of azotobacter have been seen in the soil (1), the survival form has not been definitively identified by satisfactory experiments. It also seems certain that the survival form is not an endospore since azotobacters cannot be isolated from the soil by heat treatment (5; extensive unpublished data) as is commonly done in the isolation of spore-forming bacteria. While it has been reported by Bisset (2) that spores were found in azotobacter cultures, the observations have not been confirmed by other investigators. Because of this, the ability of bacteria of the genus Azotobacter to survive in the dormant state for 24 years brings to light many questions regarding the physiology of dormancy which probably cannot be approached by knowledge derived from the study of bacterial spores.
Viability of the azotobacters in these soils will be assessed again in 1990 and in 1995, and the results will be reported on the latter date.
